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Migrations of Your Paternal Line

A
275,000

Haplogroup A

Years
Ago The stories of all of our paternal lines can be traced back over 275,000 years to just one man: the common ancestor

E-M&9 of haplogroup A. Current evidence suggests he was one of thousands of men who lived in eastern Africa at the time.

76,000 However, while his male-line descendants passed down their Y chromosomes generation after generation, the
:::’5 lineages from the other men died out. Over time his lineage alone gave rise to all other haplogroups that exist today.
K-M9
D Yours
Ago
N-
M231
D 45,000 (k-M9)
Years \~ ( N-M231)
Ago (F-M89)
LA
D N-M231 Origin and Migrations of Haplogroup N-M231
45,000
Years Ago Your paternal line stems from haplogroup N-M231, the root of all branches of N. The lineage likely originated in
southeastern Asia, probably in or around modern-day southern China, between about 38,000 and 45,000 years
ago years ago. Much later, perhaps as the Ice Age wound down about 12,000 years ago and glaciers retreated
from northern Eurasia, men carried this haplogroup north toward the Altai Mountains and the Tibetan Plateau.
After a pause, the haplogroup began expanding about 3,000 years ago into present-day Russia, where it
became very common among speakers of the Uralic languages that were developing in the Ural Mountains and
Volga River drainage. After another millennium men carried haplogroup N even farther north and west into
eastern Europe and Scandinavia. Today N is distributed throughout northern Eurasia, with an extension by some
older branches of the haplogroup into southeastern Asia. It ranges from Japanese populations in the far East to
Norwegian populations in the far West. It is particularly common among indigenous Siberian populations that
speak Uralic languages, such as the Enets and Nenets, and Altaic languages, such as the Evenki and Orogen.
@ N-M231 N-M231 is extremely rare among 23andMe customers. Fewer than 1
Today

Today, you share your haplogroup with all the men who are paternal-line

in 300,000

23andMe customers share

descendants of the common ancestor of N-M231, including other 23andMe

customers.
your haplogroup

assignment.

HIRT=DRZIE, NOTXTOFEDORTHH T 7 )—TN-M231 540 5.2 DO%H
13%038,0004EFij > 545,000 OB AT 7. B2 b BEOHTEENEZIXZDHE
BTRELT-EEZDND, 350%., BF 5 < 12,000/ K& | KN
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Migrations of Your Maternal Line

Haplogroup L

If every person living today could trace his or her maternal line back over thousands of generations, all of our lines
would meet at a single woman who lived in eastern Africa between 150,000 and 200,000 years ago. Though she was

65,000 one of perhaps thousands of women alive at the time, only the diverse branches of her haplogroup have survived to
Z‘:’s today. The story of your maternal line begins with her.
M
50,000
<) Years
Ago
D D
460,000
() Years
Ago
M
L3
O b Origin and Migrations of Haplogroup D
40,000
Years Ago The common ancestor of haplogroup D was a woman who lived in Asia nearly 40,000 years ago. There are two
major branches of the D haplogroup in Asia. D5, which is comparable in age to D itself, is common in southern
China but rare farther north. D4, a younger haplogroup that arose about 25,000 years ago, is more common in
northern Asia, reaching 18% in southern Siberia.
Haplogroup D4 is particularly common among Koreans and in the populations of Manchuria, which is just north
of the Korean Peninsula. Recent archaeological discoveries suggest that the earliest inhabitants of Korea
probably came from the Altai-Sayan and Baikal regions of Southeast Siberia. They likely began to move into the
region by about 30,000 years ago, when they followed mammoths and other large animals into the peninsula.
Among Siberian populations, haplogroup D is most common in the Yupik and Chukchi, two modern indigenous
groups in northeastern Siberia whose ancestors are thought to have played a significant role in the peopling of
the Americas.
O D4a2a Your maternal haplogroup, D4a2a, traces back to a woman who lived less than 8,000 years
< 8,000 ago.
Years Ago
That's nearly 320 generations ago! What happened between then and now? As researchers and citizen
scientists discover more about your haplogroup, new details may be added to the story of your maternal line.
O) D4a2a D4a2a is rare among 23andMe customers. 2
D4 o 1in 25,000

Today, you share your haplogroup with all the maternal-line descendants of the 23andMe customers share
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the phenotype of interest based at least in part on different

SECOND INTERNATIONAL SUMMIT ON

HUMAN GENOME EDITING

'

pairings of the genotype of the recipient and a genotype of a
donor in the plurality of donors, and identifying a preferred
donor among the plurality of donors, based at least in part on
the statistical information determined.

28 Claims, 7 Drawing Sheets
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Identifying Personal Genomes by WCEDOTAR D SRR (7 LA TR E
Surname Inference B Of m\’i’#'JUﬁ“ 57 7

Melissa Gymrek,»?>* Amy L. McGuire,” David Golan,® Eran Halperin,”®” Yaniv Erlich™*

REGISTER (iltn &
-

FDNATELEHEALTH  PUBLICATION:!

Sharing sequencing data sets without identifiers has become a common practice in genomics.
Here. we report that surnames can be recovered from personal aenomes by orofilina short tandem

) WER S AT — 2 2R L CLEEHEE

[ " CLINIC

Enhanced Patient Evaluation with Next-
Generation Phenotyping

relies on free, publicly accessible Internet resources. We quantitatively analyze the probability of
identification for U.S. males. We further demonstrate the feasibility of this technique by tracing back @ steobystepto et started

with high probability the identities of multiple participants in public sequencing projects.
Science, 339, 321-324, 2013

Detect Phenotypes & Reveal Relevant
Facial and Non-facial Features

» Detection of phenotypes from facial photos
« Automatic calculation of anthropometric growth charts

7 ) BB BRSO TR SR A~ O W RF

« Suggestion of likely phenotypic traits to assist in feature

annotation

An objective computer-aided dimension to the
art of dysmorphology

Stranger V1s10ns@Heather Dewey-Hagborg
June 2012

Dr. Michael Hayden, Clinical Genetics
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The Snapshot DNA Phenotyplng Serwce

DNA Phenotyping is the prediction of physical appearance from DNA. It can be used to generate leads in cases
where there are no suspects or database hits, or to help identify unknown remains.

CONV 25:25x192
-

Snapshot Prediction Results —
CONV 50x50x123 SOFTMAX

Composite Profile

CONV 100x100x64
7

Identifying facial phenotypes of genetic disorders
using deep learning Nature Med, 2019
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DNA analysis site that led to the Golden State Killer
issues a privacy warning to users

Taylor Hatmaker yhatmak Apr 28,2018 ] Comme

As more details emerge about the arrest of the man suspected to be the Golden State Killer, it's clear that one

of the most infamous unsolved cases of all time was cracked using a popular free online genealogy database.

The site, known as GEDmatch, is a popular resource for people who have obtained their own DNA through
readily available consumer testing services and want to fill in missing portions of their family tree to conduct
further analyses. Compared to a polished service like 23andMe, GEDmatch is an open platform lacking the

same privacy and legal restrictions that govern user data on more mainstream platforms.

Match
<

Select No.

Comprehensive
solutions for genetic
genealogy and family
tree research

GEDmatch provides more applications for comparing your
DNA test results with the most people worldwide.

VIEW OUR APPLICATIONS

How it Works?

:

Take a DNA test and Upload the DNA data file
download the results as a to GEDmatch for
DNA data file. processing.
name E-mail
Name ~ GED
Kit - (* => alias) N/ Email $  WikiTree ¥  Age(days)$ Type £ Sex

FU7915582 1276 2 M
PP6333198 380 2 M
WW6420450 1645 2 F
YY9606559 1737 2 F
FF2500220 1890 2 F
DT5967798 1710 2 F
WX4824288 962 2 M
JR8770841 599 2 M
QE1931184 1641 2 F
UF6217757 849 2 F
GV6369005 625 2 M
759617780 9 2 F
BL2380168 1363 2 F
SE7227864 1060 2 F

<

Explore matching and
comparison reports and
other DNA tools.

Haplogroup Autosomal X-DNA

Mt ¢ Y & TotalcM $  Largest & Gen £ TotalcM &  Largest $
35.8 11.7 4.32 0 0
27.2 115 4.52 0 0
23 15.6 4.64 0 0
ASc 221 14.8 4.67 0 0
215! 126 4.69 0 0
20.9 111 471 0 0
209 13.6 47 0 0
C T-L208 20.8 20.8 an 0 0
R9b1b 20.4 1.3 473 0 0
Y1 203 111 473 0 0
20.2 127 4.74 0 0
19.8 10.2 4.75 0 0
Y1 19.7 10.8 4.75 0 0
A3 19.7 1.1 4.76 0 0

Source

23andMe

23andMe

23andMe

23 and me

23andMe

GESE

23andMe

23andMe

23andMe

23andMe

23andMe

23andMe

23andMe

A
v

Overlap $

76974
73948
83702
82522
83544
83537
76516
78081
83759
83643
83990
83642
83642

84144
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23andMe

Find out what your DNA says
about you and your family.
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- See how your DNA breaks out across 2000+ regions worldwide

- Discover DNA relatives from around the world

- Share reports with family and friends

- Learn how your DNA influences your facial features, taste, smell and other

traits
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Nature, Dec, 2021, https://doi.org/10.1038/s41586-021-03767-x

G gy AEIANFIANABREOBE(LY 27 (OASIRET IR
R kv - Hospitalized, SARS-CoV-2 positive
9()‘;E$A:F15J0)1 .07{|:|"C“L,T.:° (?) s r$10490770
B ™
y & 50
1 40
324
25
B/)viE BAfE 20 rs2109069 's13050728
0.67 1.07 < 16 174956615
_§ :2 ] e b rs10774671 rs1819040
BRI-OBFLYRY EREL Ui BRARE 5 "™ s
7
5 & 6
HRTDBEEZRS ) 30 1 70 1 » i
HRWmXZR% > Y e 3+
2+ | E— i L0 | T T T T T R DTS T 1 T |t VS | 1
¥EEAEEIE. Hapmap® "BERADEET—4) ZFBLTEHLTWET, I#HA N ! 5 ? : P 2 Toncoweene e B BB BNER DS

BITFZmBAALTWS$H, Bith100%ICESBWIEEEH D ET,

MR IOF DAL ARREOTEEL) AV DIEHEMICH =D, MYCODETIEThe COVID-19 Host
Genetics Initiative|lZ & D 2021F78 [CRIFHE "Nature; TRITSNICARRITH 2. "Mapping
the human genetic architecture of COVID-19 by worldwide meta-analysis; Z3#FE#@EELF U,
RXTHREOOF VAN AREDOEELY AV ICEET 2 EBESNSNPOFH S, MYCODED
BHEZHICT XIS NIcOASHEGFRIEICFRET $rs10774671(CDWT. COVID-19%FBDFEAE(L
DRI D 0 LEGERE UVLTHARNLTED X,

[OAS 1 B{EFICDWT]
OASTEGEFIF12BRBELICEREL, 25-AVI7TFZIIBERBREVWS Y VIV BORRKER

LBIEFT. VAMILARBREICHT Z2EARRILEICEENHBZEEISNTVET,
nature
e BRIEF COMMUNICATION

OPEN —
. ) Multi-ancestry fine mapping implicates OAS1
235, 202292 HIZIZ0AS1 DI < Drs1077467103 7 A & gplicing in risk of severe COVID-19

EE -V A MQAPARDY. '8 Y N QAP

Jennifer E. Huffman©®?, Guillaume Butler-Laporte ©2, Atlas Khan©3, Erola Pairo-Castineira*®,

Theodore G. Drivas®’#, Gina M. Peloso®'?, Tomoko Nakanishi©'°"2'3 COVID-19 Host Genetics

Initiative*, Andrea Ganna'', Anurag Verma®®'s, J, Kenneth Baillie 45, Krzysztof Kiryluk3",

J. Brent Richards ©2'¢ and Hugo Zeberg (/%20 1 0



KB U XD FRIIFHDEISR

TMMOSEHIDSHED TS 7 L1 ZED TEEFNS—A— ADBRICEDPITE
Z2FAL., EROAHEATERY 188, &L, HFOMRERDDDHD

NATURE MEDICINE | VOL 24 | OCTOBER 2018 | 1483 |1 ‘ editorial \

GWAS to the people

Thanks to improvements in data collection and analysis, some polygenic risk scores that predict disease risk are
approaching the same predictive accuracy offered by tests for monogenic mutations._The time to think about how
best to incorporate polygenic tests in the clinic is now.

Polygenic risk score (PRS; Zi&zFU AV A7)
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AAGUUCAAGACCAUAGAGGAGC CA.

0
CUGGCCGCAGCUGUCUUCACAZ AA 58.2% GG
ceecuccaceeeeeeacucuctAG35:9% rua,
UCACCCUUUGGUGGCUACAAGE (55 45 /80 CC
GGGCUGCAGGCAUACACUGAAC AG

AACUCAUAAGAAUCAUGCAAGCUUCCUCCCUCAGCCAI
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Precision Medicine Initiative
(3K : NIH)
K 1005 A 20155~

[I\‘47fl\'>0'§1"}(’>(BBJ H)
[ EE - UJ)—R P 2013F~

6NC Biobank (H)
®

TMM (B%)
RIEAT 1A - AHID5HE
@ ER8AA + @ HE=HR7HA

20124F~

B BEIKR—b - ) OFES KDSHFE (21RO I7R— a2 B ()

B BEEH(CEO=>0=LARENTEL

el ‘N wlielin = NS = | . “\ ll:l‘ll% =
B BEEOR— b - IS OREARE v s

17



25 J L2 Rt LU TS tHFORRBEBRE IR—H

All of US

B 1005 ANDZFEREmMEBEBZVI)I—b

B eConsent (BEFHNRXESEEIS)

B SNECKDAESRSEABEHIHS

B Electronic health records

B Fitbit data

m 105 AD WGS (March 2022)

B Cloud-based platform “Researcher
Workbench”

UK Biobank

B 508 AD40-64mDINS > 71 PEh&E
B SRR —RS1 UIRE

B MRAA—=S>20

m 205 AD WGS (Feb 2022)

B = v O R (CPkik g

B AR DI=HDE NIRRT —HIN—R
m Cloud-based DT75Y R I A—LA

B 1585 AD—{EESNE
B 2D0D/R— MAR : “CommCohort” & “BirThree cohort”
B FFHIANRN—RA S 1 VIRB L ENGHE - RIEER
MRAA—=S>0
585 AD WGS (June 2022)

=W D AR (CHEE
A8/ A)\>2 (Integrated biobank) & UTHE & 1BEHZSD
R
B Cloud-based ®J'S5wv kJ 4 —AT Data Visiting Zi&H
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Open Data from jMorp

¥ DOWNLOAD @ HELP -3] LOGIN

WelCoMe to

J"’P“‘nese Multi Om\Cs
Reference Panel.

[June 30th, 2022] 38KJPN frequency panel: 38KJPN, an SNV/INDEL allele and genotype frequency panels from about 38,000 Japanese individuals, were released. Allele frequencies ... ‘ MORE ‘

Search jMorp database 25— T BDEIMRIRER

Input your query here

Gene Symbol: ALDH2
rs1801133 / HGVS.p: TP53 P72R, ALDH? p.Glu504Lys / Region on a reference genome: chr2:210477778,
chr1:12345-23456 / Metabolite name: Glycine, Creatinin / m/z of metabolite measured by MS: 100<mz<200 /
GWAS Trait name: BMI

NFE2L2, GATA1 / Emsembl Gene ID: ENSG00000115415 / dbSNP ID: rs671, rs6721961,

Explore with genome browser

GRCH38/HG38 H GRCH37/HG19 H JG2.1.0 ‘

2022/09/29 renewal

List of categories in jMorp database

Genome Sequence
o JRGA (JG2): Japanese Reference Genome Sequence
Genome Variation
o 38KJPN: Short-read WGS based SNV/INDEL analysis
o 38KJPN-HLA: Short-read WGS based HLA analysis
o 8.3KJPN-SV: Short-read WGS based SV analysis
o JSV1: Long-read WGS based SV analysis
Methylome
o IMM 3cell analysis
Transcriptome
o ToMMo IS0-Seq
o IMM 3cell analysis
Metabolome
o Metabolome 2022
Phenome
o Pharmacogenomics (PGx) 2021
o Metagenome 2021 (16S V4)
o Metagenome 2022 (16S V3V4)
Repository
o GWAS traits and GWAS studies
o Sample Repository

 CodeReposion S, SW (RRASA KR)
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T—HHAFIV

List of categories in jMorp database

Genome Sequence
o JRGA (JG2): Japanese Reference Genome Sequence HARAEM 3 AD de-novo 7> T UNSIEBEREINTZHARASELS
Genome Variation
o 38KJPN: Short-read WGS based SNV/INDEL analysis #J 38,000 ADBARANIGHES /) LENSESNIZ SNV/INDEL 7 U)UEE - 1 /A THEEST—4

o 38KJPN-HLA: Short-read WGS based HLA analysis ) 38,000 ADBANGERS /) LRITHN 51851/ HLA 7 LIVEES —4

o 8.3KJPN-SV: Short-read WGS based SV analysis %) 8,300 ADBARANGHEY ) AR SESNIABEZRT LIV - 1) 59 THEF—5

o JSV1:Long-read WGS based SV analysis 222 \OBEAANRHEES ) LRI SESNTBESRTLIL - D1 ) I THET -4
e Methylome

o IMM 3cell analysis & coord blood 9 100 A x 3 BEEOMMEMAE D DNA XAF)ALIEHR EELTFRIREHR - 7L ) UEEIEIR
e Transcriptome

o ToMMo ISO-Seq HAASEMY 3 AORE NSO UT b— LBITIER

o IMM 3cell analysis & coord blood 9 100 A x 3 FEFEDIKMAZ D DNA XF)ULIEH EECTFRIREH - 77 ) VEEIEHR
e Metabolome

o Metabolome 2022 # 53,000 A\OBEARANMIED > T ILDAFR0O— LfEiT—4
e Phenome

o Pharmacogenomics (PGx) 2021 FEYRZE(CEE T DR (CHITDECHNSE EREREMN

o Metagenome 16S-v4 2021 i - EEY>TILDON A I0)\A A — LB —5(16S VATRIZARAT)

o Metagenome 16S-v3v4 2022 BalfE - HEE Y > TILDOYA OO)\A A — LfETT —45 (16S v3IVATEIZAEZT)
e Repository

o GWAS traits and GWAS studies TMM> —4 % B\l ZFEGWASHERAT

o Sample Repository 25 L©RNTRARDZRBRATIARDOURT KU

o Code Repository J—=FRUMRS HY

50 NEREHE U TRBBNT T —F — 5 = iR e A
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38KIPN: HXAZS' ) L2\
New version of Japanese Genome Reference Panel

50,79 21&R4K 20224 1A data freeze
- *ﬁ'ﬁ::t@QC% . '447@'{2'-( Korean

Han Chinese .
50,345%&{K ~ in Beijing, China:
(50KIPN L7R= kL) | '
(o FEHERR: -11,403184K , R 1o in
Chi ) :,~ iTokyo, Japan
Han inese sort’y ;
38,9421R4K Han C S
HARANEBILSORRIRBRIS: -2201R (K
W EmopcaTH
38’722*%1* Kinh in Ho Chi
(38KJIPN /=)L) Minh City, _
Viétham X
T™MM
EREALODERI (VQSRI 1 IILF—0) 1.76(8FR ! Sy
ﬁ ’ Chinese Dai in
' . e Xishuangbanna,
X China
1 ( 0})2 v 0.2)0
EPFR1000 A%/ /n+The personal genome
0> . . I project Korea (KPGP) TR ENTUL\BT—4.
,m I — A3138,9421&k A1 TPCA
1KJPN 2KIPN  3.5KIPN 3.5KIPNv2 4.7KIPN 83KJPN 14KIPN  38KIPN
GRCh37-based 4—’

GRCh38-based
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-

L_?J

BWA mem
(Alignment)

Pwcard
MarkDuplicates

]

FASTQC ]

Samtools idxstats

Samlools flagstats

Picard
CollectMuitipleMetrics

Pwcard

Alignment

Sequence QC

TJ7A1IVE - AL X :
DR 1705 R0 /184K
STEISRE ; 12-2485R0/4&1K/ ) — R
Joint Genotyping: X/ X—=

907 7 -1 J)L. 150GB/1&{K

!
/Bl/ZeRAM(BAM;

GATK
[ HwiotypeCallev ]

GATK
Hap&otypoCallet

GVCF
(Autosome)

7 [=T

samtools view
(Extract reads
| mapped onto chrX)

BWA mem
(Alignment)

Picard

MarkDuphcates

/w/ f = /

ColloctWsMetrics Variant Call
> (Autosome & chrX(PAR2))
i vertyBAMID GATK GATK
S S | gVCF [ oo paCate et
[ 7 LA £ DOGenotype
Concordance
Alignment QC GVCF / / GVCF /
Variant Call (eheX (PARS)) (chrM) Variant Call
(chrX (PAR3)) (Mitochondria)

S0KIRIED R - = 5

(Joint Genotyping)

Recalibration

___ (VasR)

(Variant Filtering b
(Variant Quality Score

o

BASED
GenotypefB#k

x 50K samples

I

J
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E b25 ) LAfEIRDETEEZ (Joint Genotyping)

(BZ M)
5~10GB/tR1K x 50KIR{A
= 51K 250TB

single-sample
GVCFs

S50KIR A7 DGVCF = fE &
BET10005 XU, 12FE/ Y X7

; ER({ED =T/ LATEIE(BGbase) = 1Mbase
6]\

v v v [CHEIL. $EIE S & ICE0KR A% MR,
50RET & ICv—Y 50IRET & Icv—Y [50&@:-&;:?—:) } 551300057 R T, 24FFE/ Y XD

- BIR—VHEEOTEEICHELR)Y —XEFE%L

{ 1Mbase &I 1Mbase & IC 1Mbase &I

Joint Genotyping } [ Joint Genotyping 1 { Joint Genotyping

multi-sample multi-sample multi-sample
GVCFs GVCFs GVCFs

Y

[ ERBEHES J
50KJPN
VCF

/ &EH939TB

RIRIZE=DD350001%FZF64 ATHATT

EHIEKS
- BREREREIT DALY
} (150GB/1R 1K * 5OK1&R{F) + 39TB = 7.5PB
- IR DE

(170% X7 /11K * 50KIR1E)
+ (1000 + 3000) = 850557 X7
- STERFE @oes L oBRcET U icse)

(12H * 50K) + (12H * 1000 + 24H * 3000)
- 15.34F

V1 5KIR{AFix V 50KIR{AFix

V10BE AT/ Lhigik _/0/0»0

RN/EFES
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20000 —DFEEHTRILA
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HARARIFICSEICRERBIEUZDNAY L 1 D{ELH
SvYIR=ZHPL1®NEO
0 SmEBDEILAT I - AKX\ 025 ) LSRRIV

ANy ke A O ek 510D S
® SNPHZE/IMEUDDRUES" ) L2 BIREIC T D HARNEO =S
® < DIR— MAFITTEREN. 1@5'”5[?? ((E:1 Kl emigbal S R hT Lvl. 2017 (V2.
DERICLBHEDEAGLICET D ENIIEEND 20108 aiims rremrL 1o NEOR SR
NGSIC&B245' ) LA (10-205H/A) SYRZDTFLACKLD8EIT (1HAREE/AN)

SNPZ L1 (C&;> TULVRLY 7L 1 THE
H - HHE H i EE e
- HEEAEEFEFA EEFRA YE1IT—S3y

x
ToMMo24*_J /s

UT7 L2 GRIL

1,000A (FER254) I H H I |:| H I |:| I
3,500\ (ERL294E)

4,700 A (SF07TE) iy — N\

8,300 N (HF02£E) RETRICH

Sakurai-Yageta et al, J Biochem, 2021
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REROBEFRHENE @R E) [T e
RERS—I TP —ICED SNPP LA (C & SRR )T D ETREANIE
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( | [ vV VY v b o s

_ i e 2 T
T — —'----—--—_- [ a9 M ] LI l| ll
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T = 93 L w “ (_LRNN for vy [ || RNN for va [ | | RNN for va || | RNN for v..f_
IRIEFE cET)UHE (EANBHREENARE) — — ——
/*J = E % = (/ \7:— — ) H Forward ) Forwar d ) Forwar d | Forward ]
kRNN for U‘J \;LRNN for 112‘ \; RNN for 03‘ \; RNN for v4‘_)
RERS—O T oH—(CLD SNPZ L o IC KSRt I ‘ [ [
25 LB SNPP LM T "’":“\“l‘__J T Ty, Ty, Tys Tg
re=rre l'“f"’}' "*m T By i
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p1H pt4 [ P4
‘ RNN-IMPZE | i |
Bl S A-SBREROVCBEFY 2723
BB/ (SA—5 by

1% VA% ¥
e m
swon B URTT i T

_— | st |

RESEARCH ARTICLE Plos Compt Biol, 2020
A genotype imputation method for de-
identified haplotype reference information by

—— RNN-IMPE (BARFE)

using recurrent neural network N — o Sepren Pcuoc e

— YR-—ROI—-YIVERWEFE
T T T

I I I I I
Kaname Kojima('?, Shu Tadaka', Fumiki Katsuoka', Gen Tamiya'?, 0 0.005 0.01  0.82 0.5 0.1 0.2 0.5 29

134 1,456
Masayuki Yamamoto( ", Kengo Kinoshita * I+ —T L ILSEE
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o KMMEAS/NRO— AT ZERUBERANDELENRHTOT 7 1)L ZzErEEAL

ZNSRWVWT ) AICHULT, BNCELTDIEHREUVUTER

o [HAERAZEAZVORESHE)\R)L] OASF/RO—LFENTEIRZ50,0001%4&F(CHEE - 226

(jMorp 2022) (2022498 FKILRMZNF)

o FIEREEXAF/NO—LBFEDFR(ICKD. MREEMEILE

o FFHl—REAEDMNRE2,900 ADAFRO—LERZESERL. ZEADKBTOT 7 1) LOFREF
ZALE G

o 4 AEAIRO—LADREESET (MGWAS) OIREZILA UZSEORMEZERE
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AHURA S RO—LDRRDEICEAI

NMR%EIJT@EW‘EE'E;D‘@L\ o nﬁﬁu«t/\frmmaﬁﬁzmgaﬂeﬁt@ StHnE
" NS OB MRS

E Wl 7z % < E3E
a; X +a 12X +a 13X |- : +... yi = =
“ 1 e |- 500 N5340 BONEIDEZLL :
L=l : 1 1 : R e — z ==
L e e e I HIR—A(BIE) x 2~3 v HIEE
Glucose Lactate Glutamine \
I *E**{ b r w E Eb * =] F ﬂ %b“ S E Metabolite R2 Score Reliability Approach
— == Succinate 0.559 AGARS Neural Network
; @ h @ E E ﬁ 'M‘ Acetone 0.989 %k Peak Integral
- ~ - ~ 3-Hydroxyisobutyrate 0.945 %k Peak Integral
Formate 0.779 %k ¢ Peak Integral
more t h an 2-Aminobutyrate 0.824 * ke Peak Integral
s ® 3-Methyl-2-oxovalerate 0.901 * %k Peak Integral
INPUT 1 ,000 Tl'aln | ng Data OUTPUT Methionine 0.721 * *k ve Neural Network
2-Oxoisocaproate 0.949 * ok k Peak Integral
H H Creatine 0.955 * %k Neural Network
Binned NMR Spectrum Absolute Concentration
Acetate 0.952 * %k k Peak Integral
= 4 Tryptophan 0.772 %k e Peak Integral
Metabonte Concentratlon IUM] Carnitine 0.616 * e Neural Network
Cysteine 0.636 * Yo e Peak Integral
1 Glutamate 0.730 > %k e Peak Integral
SUCCInate 4'6 Creatinine 0.935 %k Peak Integral
Asparagine 0.605 * e vt Peak Maximum
B> Acetone 83 Isoleucine 0.947 * Kk Peak Integral
. Phenylalanine 0.909 %k Peak Integral
Arginine 0.550 AR~ GAS Peak Integral
asa cse Ornithine 0.867 * Kk vt Peak Maximum
Tyrosine 0.955 %k k Peak Integral
Pyruvate 0.960 %k Peak Integral
I Y s LL SR I e 7L A Glucose 4567.8 Glycerol 0.832 KK e Neural Network

Histidine 0.837 * %k e Peak Maximum

3-Hydroxybutyrate 0.987 %k Peak Integral
Leucine 0.870 * %k e Peak Integral
(A) ( B ) ( C ) Serine 0.845 %k e Peak Integral
Lysine 0.826 %k ¢ Peak Integral
- Threonine 0.928 %k Peak Integral
Peak Integral Peak Maximum Neural Network
Valine 0.971 %k Neural Network
Glycine 0.941 * ok k Peak Integral
Conc_ =q+ B X ConC. =q+ B X Conc_ Alanine 0.982 * Kk * Neural Network
Glutamine 0.783 * kvt Neural Network
Lactate 0.975 * %k Peak Integral
] ] ' ] ] . ' . . (] Glucose 0.962 %k Peak Integral
| | ' | ' | 3-methyl-2-oxobutyric acid 0.807 > ke Peak Integral
: : : : : : Betaine 0.942 * k k Peak Maximum
' 1 [ ' ' . . . ' Caffeine 0.979 ok k Peak Integral
] ) ] ] ] f (] Citrate 0.925 %k Peak Integral
| | ] L} ' 1 | Hypoxanthine 0.995 * %k Peak Integral
: : : : : /l/‘\/\ : Inosine 0.981 * %k Peak Maximum
' 1 ' ' ' ' N,N-dimethylglycine 0.718 %k e Peak Maximum
T T T T L ] T Uridine 0.676 X ¢ e Peak Maximum
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